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Abstract - Structure and soft magnetic propertles were crystallization temperature. The appearance of thc large 
investigated for a bulk glassy Fe~sGa,Pi , ,~sCs, ,~B,6Si~,6 supercooled liquid region implies a high resistance 
alloy in a ring shape form with nu outer diameter of 10 mm, against crystallization, leading to a high glass forming 
ability. Additionally, it has further been reported that an inner diameter of 6 mm and a thickness of 1 mm 
deformation and working processes are easier in  the prepared by copper mold casting. The bulk sample consisted of only a single amorphous phase. The 
supercooled liquid region, saturation magnetization, and supercooled liquid region because of its low viscosity 
Curie temperatnre for the bulk sample are about 60 K, 1.2 and ideal Newtonian flow[8]. These bulk amorphous 
T, and 620 K, respectively, in agreement with that of the alloys always satisfy the following empirical rules for 
corresponding amorphous alloy ribbon. The maximum achievement of large glass-forming ability: 
permeability and the coercivity for the bulk sample are multicomponents with significantly different atomic size 
about 110000 and 2.2 A h .  These good soft magnetic ratios higher than approximately 12 % and negative heats 
properties of the bulk glassy alloy are presumably due to a of mixing[9]-[12]. According to these rules, we have 
higher degree of structural homogeneity resulting from its tried to find a new bulk Fe-based glassy alloy and 
already reported that Fe-AI-Ga-P-C-B-(Si) amorphous high glass-forming-ability. Therefore, these excellent son magnetic properties as well as the very high castahility for 
the Fe.AI-Ga.P-C-B.Si glassy alloy allows us to expect that alloy sheets have a wide supercooled liquid region (ATx) 
this glassy alloy will be used as one of engineerlng magnetic exceeding 60K before crystallization and maximum 
materials. thickness for glass forming (t,& of 280 pn prepared by 
single roller melt spinning[l3]. We have tried to further 
Index Terms -Bulk amorphous alloy, copper mold casting, investigate the relation between glass forming ability and 
son magnetic properties, supercooled liquid region soft magnetic properties and aimed at preparing a bulk 
I . INTRODUCTION ring shape sample by a casting to eliminate a working process to make a core shape. 
This paper is intended lo present structure, thermal 
stability of supercooled liquid region and soft magnetic 
Droperties for bulk ring shape Fe-AI-Ga-P-C-B-Si glassy 
It has been known that the Fe based amorphous 
alloy is a good core materials for inductive applications. - .  - .  
However, the shapes of amorphous alloys have been 
usuallv limit to sheet. wire. and film because of their low 
&ys prepared by copper mold casting method. 
glass forming ability; hence the extension of its 
application fields has been restricted for a long time. For 
instance, it is rather difficult to laminate such thin 
amorphous ribbons to make transformers and/or 
inductors and also to improve a lamination factor. 
Recently, many bulk amorphous alloys have been 
formed in multicomponent Mg-[1],[2], Ln-[3],[4], Zr- 
[5],[6] and Zr-Ti-based[7] (Ln=lanthanoide metal) alloy 
systems. These hulk amorphous alloys have a wide 
supercooled liquid region more than 60K before 
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11, EXPERIMENTAL PROCEDURE 
Multicomponent alloys with composition of 
Fe7~,Ga2P,dlC575B16Si~ was used because the largest 
supercooled liquid region before crystallization in Fe-AI- 
Ga-P-C-B-Si system was obtained for this 
composition[l4]. Their alloy ingots were prepared by 
induction melting the mixtures of pure Fe, AI, Si and Ga 
metals, premelted Fe-P and Fe-C alloys and pure crystal 
boron in an argon atmosphere. The bulk ring shape 
samples with an outer diameter of 10 mm, an inner 
diameter of 6 mm and a thickness of 1 mm were prepared 
by copper mold casting method. The casting equipment 
is shown in Figure 1. The amorphous nature was 
examined by X-ray diffraction and optical and 
transmission electron microscopy (OM and TEM). 
Thermal stability associated with glass transition, 
supercooled liquid region and crystallization was 
examined at a heating rate of 0.67Ws by differential 
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scanning calorimetry (DSC). Magnetic properties of 
FIG 1 Schemalic illustration of a copper mold casting equipment 
to prepare bulky glassy alloys m B ringed form. 
saturation magnetization (us), coercive force (H,) and 
maximum permeability (k.J were measured at room 
temperature with a vibrating sample magnetometer 
(VSM) under 800 kA/m and a B-H loop tracer under 1.6 
kNm,  respectively. 
111. RESULTS AND DISCUSSION 
A. Structure and thermalproperties 
Figure 2 shows an outer morphology of the 
amorphous bulk ring Fe,~l,Ga,P,,,,C,.,,B,,Si, alloy 
sample with the thickness of 1 mm. The bulk alloy has a 
good luster for typical metallic amorphous alloys and 
there is no distinctive contrast revealing the precipitation 
of crystalline phase. 
Figure 3 shows the XRD pattern for the ring shape 
hulk sample. The pattern for the corresponding melt- 
spun ribbon with the thickness of 20pm is also seen for 
comparison. Both the XRD patterns consist only of a 
broad peak at a wave vector (Kp=4min6YA) of about 31 
nm-'. The optical micrographs of the cross section of 
these samples reveal a featureless contrast in an etched 
state using aqua regia. 
Figure 4 shows the DSC curves of the bulk ring 
sample and the melt-spun sheet with the thickness of 20 
pm. The glass transition temperature (TJ, the onset 
temperature of crystallization (T,) and the AT, for the 
FIG. 2. The outer morphology of the bulk W,&CapP,,,.,,C,.,, 
Br,sSi,,, sample in a ring shape form with a thickness of 1 mm. 
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FIG. 3. XRD patterns for the bulk Fe,oAI,Ga2P,,,niC,,, B,,Si,, 
glassy alloy in a ring shape form and the corresponding melt-spun 
ribbon with the thickness of 20wm. 
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FIG.4 DSC curves of the bulk sample with the thickness of 1 mm. 
The DSC curves for the melt-spun sheets with the thickness of 20 
pm also shown for comparison. 
bulk sample are 748 K, 807K and 59K, respectively. 
These values of the bulk sample are nearly the same as 
those (743 K, 806 K and 63 K) for the melt-spun ribbon 
with the thickness of 20 pm. The shape of the curve for 
the bulk ring sample is similar to that of the melt-spun 
sheet sample. 
These facts allow us to consider that the bulk 
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FIGS. D.C B-H loops of (a) Fe,,fl,GapP,,,5C,,I BI6Six6 bulk glassy 
alloy in a ring shape in a8 cast slate and of (b) the Corresponding melt- 
spun sheet with $10X+6X20pm' in an annealed slate. These C U N ~ S  are 
enlarged in the applied magnetic field range of f 16 A/m 
samples with the thickness of 1 mm consist of similar 
structural homogeneity to that of the melt-spun sheets. 
Magnetic properties 
Figure 5 shows the D.C. B-H loops of the ring shape 
bulk glassy alloy in as cast state and the ring shape sheet 
sample ($10 X $6 X 20pm) in an annealed state fabricated 
by stamping the corresponding melt-spun ribbon 
measured by VSM. The enlarged loops in the low 
magnetic field and magnetization range measured by 
D.C. B-H loop tracer also shown. Although the 
saturation magnetic flux density (BJ for the bulk sample 
is almost the same as that of the sheet sample, the soft 
magnetic properties for the bulk sample is more excellent 
than those of the ring shape sheet sample. 
Table I summarizes the B,, H', haxr and residual 
magnetic flux density (B,) for the bulk ring sample in as- 
cast state and the sheet sample in an annealed state. The 
values of hrx and B, for the hulk'sample are much higher 
than those for the melt spun ribbon. It is considered that 
these facts are due to the difference in the magnetic 
domain structure between the bulk ring sample and the 
ring shape sheet sample caused by the preparation 
methods and their sample thicknesses. A detailed 
observation of the domain structure for these samples 
will shed some insights in the clarification of the reason 
for the achievement of the large pmax, and high B, of the 
ring shape bulk Fe-based glassy alloys. Further 
improvement of the soft magnetic properties for the ring 
Table 1. Magnetic properlies for the bulk glassy alloy in a ring shape 
form in as-cast slate and the ring shape sheet sample with $lOX+6X 
20pm' in an annealed state. 
Cas1 bulk sample 1.2 2.2 110,000 0 42 
Ring shape sheel 
(t=2Opm) 
sample 1.2 3 7 27,000 0.22 
shape bulk sample will be expected by an optimum 
ann e a I i n g . 
It is, therefore, concluded that the Fe-AI-Ga-P-C-B- 
Si glassy alloys are very useful materials for practical use 
because of their excellent soft magnetic properties in 
addition to their high castability resulting from their high 
glass forming ability. 
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